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Soil nutrients depletion directly threatens sustainability of food systems by
reducing agricultural productivity, degrading ecosystem services, thus
increasing the need for external inputs. Frass, a nutrient-rich byproduct of
insect farming, is increasingly recognized for its potential in sustainable
agriculture. In the current study, we explored the effects of composted Black
Soldier Fly (BSF) frass on the growth and yield of Solanum macrocarpon (African
eggplant) and Lactuca sativa (Lettuce), as well as its effect on soil nutrient
composition, compared to poultry manure and inorganic fertilizers (NPK and
urea). Two eld experiments were conducted separately for lettuce and the
African eggplants, each involving six treatments and four replicates per crop
species. For lettuce, treatments included: BSF frass at 20 t/ha (T1), poultry
manure at 20 t/ha (T2), BSF frass at 20 t/ha + 100 kg/ha urea (T3), BSF frass at
10 t/ha + 100 kg/ha urea (T4), NPK (15:15:15) at 200 kg/ha + 100 kg/ha urea as
positive control (TO1), and unfertilized soil as negative control (TO). For African
eggplant, treatments consisted of: BSF frass at 15 t/ha (T1), 10 t/ha (T2), and 5 t/ha
(T3), poultry manure at 10 t/ha (T4), NPK (15:15:15) at 200 kg/ha + 100 kg/ha urea
as positive control (TO1), and unfertilized soil as negative control (TO). Plant
growth parameters like plant height, number and size of leaves and yield were
analyzed. The results showed that, BSF frass at 20t/ha and 10t/ha signi cantly
performed better than the other fertilizers in promoting plant growth and
increasing vyield in lettuce (3.53 kg per 3m? and 5.12 kg per 3m? in season 1
and 2, respectively) and of the African eggplant (5.04 kg per m?). Yield
improvements reached approximately 50% compared with inorganic fertilizer
treatments. Post-harvest soil analysis showed signi cant differences among
treatments for African eggplant in nitrogen (N), phosphorus (P), potassium (K),
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and electrical conductivity (EC), while for lettuce, only soil pH differed
signi cantly. These ndings suggest that BSF frass is a viable alternative to both
inorganic and organic fertilizers, offering a sustainable solution for improving
crop productivity and soil health.

KEYWORDS

black soldier

1 Introduction

One of the biggest challenges nowadays is sustainable and
suf cient food production, both in terms of quality and quantity,
to meet growing demands. The increasing demands are driven by
both sub-Saharan Africa (SSA) population growth and dietary
alterations due to socio-economic factors including urbanization
and economic growth (de Bruin et al., 2021, de Vos et al., 2024).
However, these increased demands put additional pressure on
valuable resources (water, energy, soil, etc.) whilst simultaneously
leading to an increase in environmental impact (Eggink et al., 2022)
and poor public health outcomes (Lawrence et al., 2019).
Concurrently, forty percent of soils in SSA are de cient for
nitrogen (N), phosphorus (P), and potassium (K) (Rakotoson
et al., 2025; Ludemann et al., 2024). Although the application of
mineral fertilizers in few farms, low ef ciencies in nutrient use and
crop yields have been reported (Liverpool-Tasie et al., 2017; Kihara,
2016). This was attributed to low soil content in organic matter,
other micronutrients and high soil acidity (Beesigamukama et al.,
2020; Vanlauwe et al., 2015).

In addition, a healthy and sustainable diet should prioritize
diverse food groups including vegetables, naturally characterized by
high ber, low fat, sodium, and sugar content (Panwar et al., 2024;
Najera Espinosa et al., 2024). Vegetables signi cantly contribute to a
healthy diet, serving as rich sources of minerals, vitamins, and other
essential compounds (Salehi, 2021; Dougnon et al., 2012). In the
republic of Benin, the vegetable sector employs thousands of people in
urban, peri-urban, and rural areas. Among the thirty vegetables crops
produced and consumed in Benin, leafy vegetables such as lettuce
(Lactuca sativa L.) and African eggplant (Solanum macrocarpon L),
account for 37% of local production (Houessou et al., 2021).

Lettuce is an important vegetable crop in Africa, particularly in
urban and peri-urban areas (Abu et al., 2024). It plays a crucial role
in food diversi cation (Kenny and O’Beirne, 2009) and income
generation for small-scale producers. It also offers nutritional and
potentially medicinal bene ts. In particular, it has anti-
in ammatory activity, a cholesterol-lowering effect, and anti-
diabetic properties (Kim et al., 2016). These bene ts are
attributed to the presence of bioactive compounds, such as
phenolic acids (caffeic acid and chlorogenic acid), avonoids
(quercetin, kaempferol, anthocyanins, luteolin), ber, iron, folate,
and vitamin C (Kim et al., 2016; Soetan et al., 2010).
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The African eggplant, known locally as ‘Gboma’ in the Fon
language of Benin, is a traditional leafy vegetable highly valued for
its mineral contents and therefore vastly sought after by populations
in southern Benin (Adango et al., 2021; Ahouangninou, 2013). The
African eggplant contains a substantial amount of nutrients and
phytochemical compounds, including saponins, phenols,

avonoids, tannins, vitamins A, B, and C, and proteins, as well as
mineral salts like calcium (Ca) and iron (Fe) (Gbhaguidi et al., 2015;
Ibiam and Nwigwe, 2013; Muhaniji et al., 2011). These properties
make African eggplant a valuable crop for combating malnutrition
among children and pregnant women (Habwe et al., 2008). Beyond
its nutritional importance, S. macrocarpon also has some medicinal
properties (Ossamulu et al., 2014). Its leaves, fruits, and roots have a
wide range of medicinal uses, including treating sore throats, acting
as a laxative, and addressing cardiovascular diseases, stomach
ailments, and other health issues (Nwezoku et al., 2017; Adewale
et al., 2015).

Despite the efforts of local producers (rural and urban) in
propagating the crop, there is still a supply gap in Benin (Assogba
et al., 2022; Houessou et al., 2020). Currently, the crop demand is
partly satis ed by the existing vegetables systems, which are facing
huge constraints including limited access to quality inputs and
equipment (seeds, fertilizer, crop protection products,
technologies), lack of secured land and capital, depletion of soil
nutrients and bene cial soil organisms, unbalanced pesticides use
and limited production knowledge and skills (Houessou
et al., 2021).

To address these problems, organic fertilization strategies could
be explored. This would contribute to sustainable food production,
safety, and security by reducing pesticide exposure, enhancing soil
organic matter and, bene cial microbiota, as well as supporting
climate change mitigation efforts (Khan et al., 2023; Assogba et al.,
2022). Additionally, long-term application of organic amendments
improves soil biological functions, physical fertility, and carbon ©
sequestration (Aytenew and Bore, 2020; Chen et al., 2018). These
practices enhance nutrient cycling, soil stability, and microbial
diversity while mitigating heavy metals, and decomposing
xenobiotic substances (Khan et al., 2023).

In the last decade, Black soldier y (BSF) (Hermetia illucens L.;
Diptera: Stratiomyidae) frass, a byproduct of larval digestion, has
showed promising potentials as an organic fertilizer in sustainable
agriculture. Being rich in essential nutrients like N, P, and K, frass
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can enhance soil fertility and crop productivity (Idris et al., 2024;
Lomonaco et al., 2024). The composition of frass varies with larval
feeding substrates, determining its nutrient content and bene cial
microbial populations (Lomonaco et al., 2024). Moreover, BSF
technologies can address public health, environmental pollution,
and technological problems with their capacity to be used as a
sustainable organic waste management solution for cities sanitation.
The polyphagous BSF larvae have been demonstrated to feed on a
large variety of decomposing organic matter (OM), such as food
waste (Surendra et al., 2016), human excreta (Banks et al., 2014;
Lalander et al., 2013), fruits waste (Dzepe et al., 2020) and different
animal manures, without bearing disease vectors like house ies
(Musca domestica L., Diptera: Muscidae).

Previous studies have demonstrated that frass application can
improve soil health, promote plant growth, and increase crop yields
across various plant species like maize, kales, swiss chard, French
beans and tomatoes (Lomonaco et al., 2024; Poveda and Gonzalez-
Andres, 2021). The use of BSF frass aligns with circular economy
principles, offering a sustainable solution for biodegradable waste
management while producing valuable agricultural inputs (Lopes
et al., 2022).

Also, the combined application of organic and mineral
fertilizers has been recommended for improved nutrient use and
crop yield (Vanlauwe et al., 2015). However, there is limited
knowledge on the effects of BSF frass on leafy vegetable
production (including underutilized species like the African
eggplant) and widely utilized crop species like lettuce) in
comparison with the other organic fertilizers applied in Benin
cropping systems. This study was then designed to get insight
into the effects of BSF frass on growth, yield in L. sativa and S.
macrocarpon and soils mineral composition after harvest in
comparison with other sources of fertilizer.

2 Materials and methods
2.1 Experimental site

Field experiments were carried out at Republic of Benin cities of
Cotonou and Abomey-Calavi (at IITA-Benin station), for two
cropping seasons in 2022 and 2024. Cotonou (6 20'N, 2 20°E) is
bordered by Nokoue Lake in the north, the Atlantic Ocean in south,
the municipality of Stmt-Kpodji (in the Oueme department) in east
side, and the municipality of Abomey-Calavi in West. Annual
cumulated rainfall ranges were 870 mm and 969 mm in 2022, for
Cotonou and Abomey-Calavi, respectively (INSAE, 2016). Mean
temperature varied between 27 Cand 35 C and relative humidity
between 65% and 85% for both cities (INSAE, 2016). The
International Institute of Tropical Agriculture (1ITA) is located in
Abomey Calavi (6 25’N, 2 19°E). Typically, rainfall during the wet
season (from June to October) is 748.9 mm, mean temperatures is
26to 28 C and relative humidity is 82% to 85% (Santos et al., 2015).
The climate of two cities is subequatorial and receives bimodal
rainfall. Soil type is sandy to sandy-loamy characterized by poor
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organic matter (OM > 2), total nitrogen (N > 0.08%), Phosphorus
(Pppmy > 20), Potassium (K (meg/100 g soiny > 0.4) (Nacoulma and
Guigma, 2015; Santos et al., 2015).

2.2 Source of fertilizers and preparation

Three fertilizers were used in the experiments: two organic
fertilizers (BSF frass and poultry manure) and mineral fertilizer
(NPK 15:15:15). The BSF frass was obtained from AgroEcoHealth
platform of IITA-Benin (https://www.iita.org/iita-countries/benin),
and consisted of residues from fruit waste conversion by BSF larvae.
The fruits were ground and sieved for two days in a basket to reduce
water content. The resulting mash was then mixed with bovine
blood purchased from a slaughterhouse. Eight thousand (8000) ve-
day old BSF larvae, were then placed in a mixture of 3 kg of fruits
waste and blood. Two weeks later, the residues consisting of
excrement, exuviae, and transformed substrate were collected,
dried for about a month, and used for the experiment. Poultry
manure was obtained from poultry raisers and mineral fertilizers
(NPK and Urea) purchased from agrochemical shops.
Characteristics of the different sources of organic manure
included in the present study and unfertilized soil before the
experiments for lettuce and the African eggplant were given
in Table 1.

For L. sativa, Chicken manure gave the highest N (6.7 mg/kg),
NO5™ (29.48 mg/kg), NH4" (8.71 mg/kg), K (81 mg/kg), Mg (24 mg/
kg), and Ca (290 mg/kg) contents, making it a rich source of
essential nutrients. The BSF frass, while lower in nitrogen (5.35 mg/
kg), contained the highest phosphorus concentration (9.16 mg/kg),
making it particularly bene cial for phosphorus-de cient soils.
Unfertilized soil, with signi cantly lower nutrient levels, shows
poor fertility, particularly in nitrogen (0.24 mg/kg) and
phosphorus (0.55 mg/kg). The electrical conductivity (EC) was
highest in unfertilized soil (40.5), suggesting potential salinity
issues, whereas chicken manure (5.92) and BSF frass (7.04)
presented more moderate EC values. In terms of pH, chicken
manure was slightly alkaline (7.75), while BSF frass was mildly
acidic (6.35), and unfertilized soil is the most acidic (5.30). These
results indicate that both organic amendments signi cantly
improve soil fertility, with chicken manure providing a more
balanced nutrient supply and BSF frass being a better phosphorus
source, allowing for targeted soil enrichment based on speci ¢
agricultural inputs.

In S. macrocarpon, the physico-chemical analysis of the soil and
amendments shows signi cant variations in nutrient composition,
which directly in uence soil fertility. Chicken manure has the
highest nitrogen content (1.72 mg/kg), followed by BSF frass
(1.04 mg/kg), while unfertilized soil contains the lowest amount
one (0.15 mg/kg). Similarly, nitrate (NO3") and ammonium (NH,")
concentrations were highest in chicken manure (7.568 mg/kg and
2.236 mg/kg, respectively), indicating a greater potential for
immediate nitrogen availability. The BSF frass also contained
notable amounts of these nitrogen forms (4.576 mg/kg NO3™ and
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TABLE 1 Physico-chemical characteristics of soils, BSF frass and chicken manure before application for Solanum macrocarpon and Lactuca sativa

production.
Plant substrate N (mg/ NO3” NH," Mg K(mg/ P(mg/ Ca(mg/ Conductivity bH
species ko) (mg/kg)  (mg/kg)  (mg/kg) ¢)) ) ) (59
Solanum Unfertilized 0.5 0.64 0.19 12,67 51 579 2033 38.14 727
macrocarpon soil
Chicken 172 7.568 2236 2367 8.13 2083 300 6.31 772
manure
BSF Frass 1.04 4576 1352 17 12 29.27 266.67 15.85 6.38
L. sativa U”fes:i'l"zed 0.24 1.056 0312 0.55 7.85 9 68 405 530
Chicken 6.7 2048 871 63 81 2% 200 5.92 775
manure
BSF Frass 5.35 2354 6.955 9.16 441 15 260 7.04 6.35

1.352 mg/kg NH,4 "), whereas unfertilized soil shows minimal levels
(0.64 mg/kg NO3™ and 0.19 mg/kg NH,") (Table 1). Regarding
mineral nutrients, chicken manure and BSF frass had the highest
magnesium respectively (23.67 mg/kg; 17 mg/kg), and potassium
concentrations (8.13 mg/kg; 12 mg/kg). Both amendments
signi cantly improved phosphorus levels ( 29 mg/kg) compared
to unfertilized soil (5.79 mg/kg), which was an essential element for
plant growth. In addition, calcium levels were substantially higher
in amended soils, with chicken manure (containing 300 mg/kg) and
BSF frass (266.67 mg/kg), compared to that (29.33 mg/kg) of
unfertilized soil. Electrical conductivity (EC) is highest in BSF
frass (15.85), indicating increased dissolved salts, whereas chicken
manure exhibits the lowest EC (6.31). The pH values of all
treatments remain within a favorable range, with chicken manure
slightly alkaline (7.72) and BSF frass slightly acidic (6.38), ensuring
nutrient availability (Table 1). Overall, both organic amendments
signi cantly enhanced speci ¢ soil nutrients content, improving
potential soil fertility.

2.3 Experimental design and crop
management

2.3.1 The lettuce, Lactuca sativa

Experiments on L. sativa were carried out during the small rainy
season in June to August 2022 (season 1) and in June to August
2023 (season 2) at Abomey-Calavi. Lettuce variety sown was
“Eden”, widely adopted by producers in Benin for its good
agronomic performance and high yield. It was sown in nursery
and irrigated for three weeks without fertilizer application. Nursery
plot (3m?) was irrigated twice per day using 5 L water per m?.
Fertilizers were applied after transplanting by affecting each type of
fertilizer to an experimental plot of 3m2 Each experimental plot
contained in total 24 transplanted lettuce with 30 cm * 30 cm
spacing. Fertilizer treatments consisted of 1) BSF frass at 20 t/ha
(T1); 2) poultry manure at 20 t/ha (T2); 3) BSF frass at 20 t/ha + 100
kg/ha Urea (T3); 4) BSF frass at 10 t/ha + 100 kg/ha Urea (T4); 5)
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inorganic fertilizer containing nitrogen, phosphorus and potassium
(NPK15:15:15) 200 kg/ha + urea 100 kg/ha as positive control
(TO1); and 6) soil with no fertilizer as a negative control (T0). These
six treatments were arranged in complete randomized block design
with 4 replicates. Fertilizers were applied, one week after
transplanting (28 days after sowing). The second fertilizer
application was performed two weeks later. Experimental plots
were weeded twice during the whole experimental period. Growth
parameters measured three time during the plant cycle included
plant height and, stem diameter. Four plants were randomly
selected in the middle of each experimental plot to estimate
growth parameters. At the end of the experiment, plants were
harvested per experimental plot to estimate yield. The cumulated
rainfall was 559 mm and 802.5 mm in season 1 and season 2,
respectively. The mean temperatures were 27.25—0.64 C and 27.23
— 102 C in season 1 and season 2, respectively. The relative
humidity averaged 81.23 — 3.42% and 85.44 — 4.0% in season 1
and season 2, respectively.

2.3.2 The African eggplant, Solanum
macrocarpon

Experiment using the S. macrocarpon was performed in the
small rainy season in 2024 at Cotonou. Similarly to lettuce, the
African eggplant was sown in nursery on of 3m?, watered twice
everyday using 2.5 L of water for 3 weeks and the transplanted on
1m? experimental plot. Fertilizer treatments consisted of: 1) BSF
frass at 15t/ha (T1); 2) BSF frass at 10 t/ha (T2); 3) BSF frass at 5 t/
ha (T3); 4) poultry manure at 10 t/ha (T4); 5) inorganic fertilizer
containing nitrogen, phosphorus and potassium (NPK15:15:15) 200
kg/ha + urea 100 kg/ha as positive control (T01); and 6) soil with no
fertilizer application as a negative control (T0). Treatments were
arranged in complete randomized block design with 4 replicates.
Fertilizer application was done for the rst time, 1 week after
transplanting (28 days after sowing) and the second one, two
weeks later. Weeding was performed twice during the whole
experiment period. Estimated growth parameters consisted of
number of leaves, plant height, leaf length and width. Four plants
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were randomly chosen to estimate growth parameters during 3
weeks while yield was estimated by harvesting and weighing plants
on experimental plots. The African eggplant has been harvested
twice (Harvest 1 and Harvest 2) as the plant continued to grow after
the rst harvest. The cumulated rainfall was 526 mm and the mean
temperature was 27.42 — 1.50 C. The relative humidity averaged
92.70 — 2.80% during the experimental period.

2.4 Mineral composition of soil samples
and organic fertilizers used

The soil and organic fertilizers macronutrients were analyzed at
the chemical laboratory of the AgroEcoHealth platform at 1ITA-
Benin. Before planting and after harvesting, soils were sampled at 0—
20 cm depth in each experimental plot for soil nutrients analysis,
pH and conductivity. To assess the nitrogen (N), phosphorus (P),
potassium (K*), magnesium (Mg?"), calcium (Ca®") content and
conductivity of the soil samples, we rst extracted them using the
protocol described by Mehlich 3 as reported by Wuenscher et al.
(2015). It involved weighing 3 g of previously sorted and ground
sample, introducing it into a 50 mL tube and adding 30 mL of a
solvent solution containing 0.01 M CaCl,, 0.25 M NaHCO; and
0.013 M HNOg3. The mixture was mechanically stirred for 10 min
and prior to mineral analysis. 10 mL of the extract was taken and
put in a photometer (Wagtech 7100 photometer, UK) at the
chemical laboratory of the AgroEcoHealth platform, IITA Benin,
to estimate the mineral content and conductivity of the samples.

2.5 Data collection

Soil mineral content was determined before planting and after
harvesting of each plant species. The growth parameters considered
were the number and size of leaves per plant, the height of the
plants, the diameter of the clump, and recorded once a week after
transplanting on four central plants per experimental plot. At
harvest, plants were counted and weighed to estimate yield in kg/
m2. A tape measure was used to take height and clump diameter.
Yield was estimated just after harvesting.

2.6 Statistical analysis

Data on leaf number, plant height, clump diameter, and yield
were processed by performing the Analysis of variance (ANOVA)
with 95% con dence interval (ClI) with the software SAS 9.2 (SAS
Institute Inc, 2009). Statistically signi cant differences between the
mean values in different treatments were determined using the
Student Newman Keuls method with 95% CI (P<0.05). Principal
component analysis (PCA) was performed with R software. Model
residuals were veri ed for normality using Shapiro-Wilk normality
test. The test t of Student was applied to compare soil nutrients
content before planting and after planting of L. sativa and
S. macrocrpon.
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3 Results

3.1 Effect of different fertilizers on the
growth of Lactuca sativa

Highly signi cant differences (p < 0.001) were observed
between treatments for lettuce growth parameters. Table 2 gives
the effects of different treatments (T0, T01, T1, T2, T3 and T4) on
plant height and stem diameter over two seasons at three
observation time points (Week 3, Week 4, and Week 5). In
Season 1, T2 (poultry manure 20t/ha) and T3 (BSF Frass 20t/ha +
100 kg/ha Urea) gave the highest plant heights at Week 5 (14.93 —
0.33 cm and 14.31 — 1.02 cm, respectively), followed by T1 (BSF
Frass 20t/ha) and T4 (BSF Frass 10t/ha + 100 kg/ha Urea) (13.87 —
0.53 cm and 13.45 — 0.54 cm, respectively), while TO1 (200 kg/ha
NPK + 100 kg/ha Urea) and TO (untreated plot) presented the
lowest values across all weeks. A similar trend was observed in
Season 2, where T3 and T4 showed the greatest heights. For stem
diameter, Season 1 recorded higher values, with T1, T2, T3, and T4
signi cantly outperforming the control (TO: 19.06 — 0.92 cm vs.
treated plants >25 cm). However, in Season 2, diameter values were
lower, suggesting possible environmental in uences. Overall, the
results indicated that treatments signi cantly enhanced plant
growth, particularly T2 and T3, while seasonal variations likely
affected stem development (Table 2).

3.2 Effect of different fertilizers on the
growth of Solanum macrocarpon

3.2.1 Plant height

The curves describing plant height over the development cycle
of S. macrocarpon revealed that all fertilization treatments have
signi cantly improved plant growth compared to the negative
control (water only), with a progressive increase in height over
time (Figure 1). In particular, curves describing height over time for
doses 10 t/ha of BSF frass and 15 t/ha of BSF frass were above those
of other treatments, suggesting that these two treatments effectively
provided nutrients for S. macrocarpon development.

The mean plant height was signi cantly higher for treatments
doses 10 t/ha of BSF frass and 15 t/ha of BSF frass compared with
the other treatment at Harvest 1 (Figure 2). However, no signi cant
differences were observed between the treatments 5t/ha BSF frass,
NPK and Chicken manure. The latter treatments did not
signi cantly differ from untreated control. Chemical fertilizers
(NPK + Urea) and 5 t/ha of BSF frass showed intermediate
growth but have still performed better than water alone. An
accelerated growth was observed after July 18 2024, which
indicated a key phase of nutrient absorption. Thus, the use of
organic amendments, particularly 10 t/ha of BSF Frass, was found
to be a promising alternative to chemical fertilizers for optimizing
plant growth. At Harvest 2, any signi cant differences were not
observed between treatments (Figure 2). Overall, the average plant
height was higher in the rst harvest than in the second one,
regardless of treatments. Treatments including organic and mineral
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TABLE 2 Effect of BSF Frass, poultry manure and NPK+Urea on plant height and stem diameter of L. sativa.

10.3389/fpls.2025.1663593

Traits Treatments
T0 8.84 — 0.63° 10.48 — 0.58° 11.66 — 0.49" 8.99 — 0.48° 9.94 — 0.61° 11.63 — 0.56%°
TO01 10.03 — 0.80*° 10.99 — 0.88*° 11.24 — 0.93° 9.79 — 0.54% 10.53 — 0.66*° 11.01 —0.71°
T1 11.66 — 0.60*° 13.36 — 0.61*° 13.87 — 0.53% 11.19 — 0.55% 12.49 — 0.64° 12.86 — 0.54%°
Height (cm)
T2 11.26 — 0.73* 12.97 — 0.65* 14.93 — 0.33 11.48 — 0.59% 11.41 — 0.83% 12.41 — 053
T3 11.99 — 1.15% 13.91 — 1.26% 1431 — 1.02% 11.30 — 0.77% 12.59 — 0.69° 13.14 — 0.83%
T4 9.75 — 0.56% 12.61 — 0.81% 13.45 — 0.54%° 11.39 — 0.63% 12.01 — 0.66*° 1357 — 0.54%
T0 19.06 — 0.92° 9.29 — 0.48°
TO1 20.96 — 2.17% 9.31 — 0.36°
Stem T1 26.03 — 1.36% 11.46 — 0.42%°
diameter
(cm) T2 26.15 — 1.10° 11.49 — 0.23%
T3 26.03 — 2.12° 11.65 — 0.65%°
T4 2512 — 1.11% 11.08 — 0.713

Same letter in each column indicates no signi cant differences (P>0.05) between treatments after ANOVA followed by SNK. T1: BSF frass at 20 t/ha; T2: poultry manure at 20 t/ha; T3: BSF frass
at 20 t/ha + 100 kg/ha Urea; T4: BSF frass at 10 t/ha + 100 kg/ha Urea; T01: NPK (15:15:15) 200 kg/ha + urea 100 kg/ha; and TO: soil with no fertilizer.

fertilizers generally improved plant growth compared to control.
Among the different treatments, the application of 10t/ha of BSF
frass resulted in the highest plant height, with 53.01 — 2.081cm in
the rst harvest and 26.81 — 1.36 cm in the second one. The dose
15t/ha of BSF frass treatment follows closely with the previous one,
having an average height of 52.53 — 1.61 cm in the rst harvest. On
the other hand, the least effective treatment was control, giving the

lowest plant height in the rst (40.95 — 1.31 cm) and the second
harvest (17.34 — 1.49 cm). However, all other treatments have
shown signi cant improvement compared to untreated plot. The
organic fertilizers including BSF frass and chicken manure were
more effective compared to the chemical fertilizer combination
(NPK + urea). The use of 10t/ha of BSF frass was found to be the
most effective treatment for promoting plant growth.
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Plant height (cm)
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Control e==200kg/ha of NPK and 100kg/ha of Urea
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FIGURE 1
Plant height in S. macrocarpon at different sampling dates during harvest 1. WAT: Week After Transplanting.
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FIGURE 2
Mean height of S. macrocarpon plant measured after application of the different fertilizers. Same letter on top of bars indicate no signi cant
differences (P>0.05) between treatments with ANOVA followed by Student-Newman-Keuls (SNK) test.

3.2.2 Number and size of leaves

Leaf production by S. macrocarpon followed similar observed for
plant height, with T2 (BSF frass at 10t/ha) showing the highest count
(45.13 — 2.29 leaves) in Harvest 1. During Harvest 2, the highest leaf
count was observed in T4 poultry manure at 10 t/ha (22.53 — 1.28
leaves accounting for 50% of that obtained for T2 in Harvest 1),
showing that chicken manure also provided a bene cial effect on leaf
production over time (Table 2). Leaf length varied signi cantly with
treatments, with T2 consistently showing the longest leaves (31.77 —
0.87 cm in Harvest 1 and 19.63 — 0.76 cm in Harvest 2). Application of
BSF frass at 10 t/ha signi cantly enhanced leaf expansion, promoting
greater biomass accumulation (Table 3). Leaf length varied signi cantly
with treatments, with T2 (BSF frass at 10t/ha) consistently showing the
longest leaves (31.77 — 0.87 cm in Harvest 1 and 19.63 — 0.76 cm in

Harvest 2). Application of BSF frass at 10 t/ha signi cantly enhanced
leaf expansion, promoting greater biomass accumulation (Table 3).
Leaf width followed a similar pattern, where T2 produced the widest
leaves (22.42 —0.81 cm in Harvest 1 and 11.81 — 0.53 cm in Harvest 2).
Treatments T1 and T4 also performed well, highlighting their
effectiveness in promoting leaf development (Table 3).

3.3 Effect of different fertilizers on yield of
Lactuca sativa (Lettuce) and Solanum
macrocarpon (African eggplant)

3.3.1 Lactuca sativa
Signi cantly higher differences (p < 0.001) occurred between
treatments for lettuce yield obtained in both season 1 (2022) and

TABLE 3 Effect of BSF Frass, poultry manure and NPK+Urea on leaf number and size of Solanum macrocarpon.

Harvest 1

Harvest 2
Treatments  og4_jy1y (1 11-July (2 18-July (3 25-July (4 01-Aug (5 12-Sept (1
WAT) WAT) WAT) WAT) WAT) MAH1)
To 10.03 — 0.80° 14,06 — 1.06 155 — 1.03° 35,69 — 2.08° 37.19 — 3.41° 13.75 — 1.03°
To1 9.63 — 0.56° 12.75 — 1.31° 165 — 1.60° 38.75 — 1.91° 4394 — 3.85° 14.37 — 1.13%
Number of T1 10.25 — 0.79° 13.88 — 0.94° 16.88 — 1.18° 38.38 — 4.35° 4619 — 3.11° 1950 — 1.31%
leaves T2 11.63 — 0.47° 17.06 — 0.74° 19.56 — 0.85° 39.75 — 3.01° 4513 — 2.29° 20.87 — 0.93%
T3 8.75 — 0.68° 12.94 — 1.06 16.94 — 1.48° 36.56 — 3.35° 4388 — 2.41° 18.43 — 1.07%
T4 9.27 — 0.59° 12.87 — 0.85° 17.13 - 095 35.93 - 3.10° 46.6 — 2.90° 2253 — 1.28°
(Continued)
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TABLE 3 Continued

Harvest 1 Harvest 2
Treatments 18-July (3 25-July (4 Ol-Aug (5 12-Sept (1
WAT) WAT) WAT) MAH1)
T0 14.22 — 0.36™ 16.44 — 0.50° 18.91 — 0.93° 2359 — 0.92° 24,63 — 1.06° 13.16 — 0.64°
TO1 13.11 — 0.30° 16.50 — 0.55° 20.56 — 0.76% 25.16 — 0.74% 29 — 0.98% 17.70 — 0.85%
Leaf length T1 15.13 — 0.43° 19.25 — 0.49* 22.22 — 0.68% 26.53 — 0.77% 30.97 — 0.83% 19.22 — 0.85%
(cm) T2 16.69 — 0.49* 20.50 — 0.48% 29.59 — 6.04% 27.44 - 0.78% 31.77 - 0.87° 19.63 — 0.76%
T3 13.08 — 0.45° 17.38 — 0.62° 20.66 — 0.69%° 2550 — 0.72° 2959 — 0.98* 18.91 — 0.64%
T4 13.80 — 0.50° 17.34 - 0.57° 21,53 — 0.59%° 25.97 — 0.74% 30.38 — 0.92° 19.66 — 0.53*
T0 8.83 — 0.26™ 1055 — 0.38%° 12,63 — 0.48% 17.92 — 0.47 19.19 — 0.68° 9-0.46°
T01 8.16 — 0.22° 10.19 — 0.39° 13.38 — 0.52* 18.56 — 0.50% 23.66 — 0.93% 12.06 — 0.58*
Leaf width T1 9.38 — 0.27% 12.06 — 0.35° 14.69 — 52° 19.13 — 0.59* 21.69 — 0.64° 12.45 — 0.49°
(cm)
T2 9.91 - 0.31% 11.63 — 053% 14.28 — 0.47% 18.81 — 0.71% 22.42 - 0.81% 11.81 — 0.53%
T3 7.88 — 0.29° 1059 — 0.43* 14.34 — 0.56* 18.88 — 0.60% 2239 — 0.75% 11.95 — 0.56%
T4 8.17 — 0.34° 1055 — 0.47%° 14.42 — 0.66% 18.72 — 0.56% 23.06 — 0.79% 10.92 — 0512

Same letter in each column indicates no signi cant differences (P>0.05) between treatments; WAT: week after transplanting, MAH1: month after. harvest 1; T1: BSF frass at 15t/ha; T2: BSF frass
at 10 t/ha; T3: BSF frass at 5 t/ha; T4: poultry manure at 10 t/ha; TO1: NPK (15:15:15) 200 kg/ha + urea 100 kg/ha; TO: soil with no fertilizer.

season 2 (2023) (Figure 3). The BSF frass at 20 t/ha (T1) produced  Yearly or seasonal variations were minimal, indicating the stability
the highest yield (5.35 and 5.12 kg/3m respectively), followed by  of organic amendments in sustaining soil fertility.

poultry manure at 20 t/ha (T2) (4.75 and 4.91 kg/3m ), compared to

mineral fertilizers (T0O1: NPK + Urea) and the untreated control  3.3.2 Solanum macrocarpon

(T0). The lower performance of T3 and T4 (BSF frass + Urea) Signi cantly higher differences in yield of S. macrocarpon
compared to BSF frass alone suggests potential nutrient imbalance.  grown under different fertilizer treatments (p < 0.001) were

FIGURE 3
Yield of L. sativa under different fertilization treatments across two cropping seasonss. Same letter on top of bars indicate no signi cant differences
(P>0.05) between treatments.
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